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TITLE OF THE INVENTION 

Shutter Closing Mechanism and Disc Driving Apparatus 
BACKGROUND OF THE INVENTION 
Field of the invention 

This invention relates to a shutter opening/closing mechanism in which a 
shutter is opened/ closed by rotating an inner rotor of a disc cartridge, and to a disc 
driving apparatus in which signals may be recorded and/or reproduced for a 
disc-shaped recording medium housed in a housing of such disc cartridge. 

This application claims the priority of the Japanese Patent Application No. 
2003-102345 filed on April 4, 2003, the entirety of which is incorporated by 
reference herein. 
Description of the Related Art 

A disc driving apparatus for recording and/or reproducing signals for a 
disc-shaped recording medium, exemplified by an optical disc, such as CD 
(Compact Disc), DVD or MD, and a magneto-optical disc, is used extensively for 
recording and/or reproducing music or pictures. Additionally, this sort of the disc 
driving apparatus is used as a storage device for an information processing 
apparatus, such as a computer. 

In the disc driving apparatus, a disc-shaped recording medium is first set on 
a tray, and then the tray is pulled from a pull-out position to a recording and/or 
reproducing position. In this state, a turntable is uplifted from a lower position to 



float the disc-shaped recording medium from the tray. The recording medium is 
then run in rotation, at the same time as an optical pickup is moved radially of the 
recording medium, in order to record and/or reproduce the signals. 

Meanwhile, a disc-shaped recording medium, recorded to a high density, 
such as BD (Blue-ray Disk), is used as a disc cartridge, accommodated in a housing, 
in order to prevent contamination e.g. with dust. For this reason, the disc cartridge 
is designed and constructed so that an aperture for recording and/or reproduction 
formed in the housing is closed by a shutter during nonnise time, with the shutter 
opening the aperture during recording and/or reproduction to enable accessing by 
the optical head. 

Thus, in a disc driving apparatus for recording and/or reproducing signals 
for such disc cartridge, it is desirable that the shutter completely opens the aperture 
in timed relation to the loading of the disc cartridge in the recording or reproducing 
position. That is, the aperture must be opened in a satisfactory manner even in case 
the state of closure by the shutter is incomplete. On the other hand, when the disc 
cartridge is taken out after the end of the recording or reproducing operation, the 
aperture in the housing must be positively closed by the shutter. 
SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a shutter 
opening/closing mechanism in which the shutter opening/closing operation may be 
performed reliably. It is another object of the present invention to provide a disc 
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driving apparatus provided with the shutter opening/closing mechanism whereby it 
is possible to assure a reliable shutter opening/closing operation and 
to record and/or reproduce signals reliably for the disc-shaped recording medium 
housed in the disc cartridge. 

In one aspect, the present invention provides a shutter opening/closing 
mechanism of the type coping with a disc cartridge in which a disc-shaped 
recording medium, an inner rotor and a shutter are provided in a housing and in 
which an aperture formed in said housing is opened or closed by said shutter by 
rotation of said inner rotor, wherein the shutter opening/closing mechanism 
opens/closes the shutter by rotation of the inner rotor, and comprises a base 
relatively movable along one lateral surface of the housing, a first engagement 
member provided to one end of the base for engaging with a first mating 
engagement section provided to the outer rim of the inner rotor facing outwards 
from a lateral side of the housing when the shutter is closed, a second engagement 
member provided to the other end of the base for engaging with a second mating 
engagement section provided to the outer rim of the inner rotor facing outwards 
from a lateral side of the housing when the shutter is opened, and a rack member 
mounted between the first engagement member and the second engagement 
member of the base for meshing with a gear provided in a preset area of the outer 
rim between the first mating engagement section and the second mating 
engagement section of the inner rotor. The first engagement member and the 
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second engagement member are mounted to the base so that the distal ends thereof 
are movable in a direction perpendicular to the direction along one lateral surface 
of the housing and pivotable along one lateral surface of the housing. 

In the shutter opening/closing mechanism, according to the present 
invention, the distal ends of the first engagement member and the second 
engagement member, provided to the base, are pivotable in a direction along a 
lateral surface of the housing, in addition to being movable in a direction 
perpendicular to the lateral surface of the housing. Thus, the state of engagement 
of the first engagement member and the second engagement member, provided to 
the base, with the first mating engagement section and the second mating 
engagement section of the inner rotor, facing outwards from one lateral surface of 
the housing, when the base performs relative movement along the lateral surface of 
the housing, may be maintained for prolonged time. In addition, the load applied to 
the distal ends during engagement and disengagement may be reduced. 

In another one aspect, the present invention provides a disc driving 
apparatus of the type coping with a disc cartridge in which a disc-shaped recording 
medium, an inner rotor and a shutter are provided in a housing and in which an 
aperture formed in the housing is opened or closed by the shutter by rotation of the 
inner rotor, wherein the disc driving apparatus records and/or reproduces signals on 
or from the disc-shaped recording medium, and comprises a loading mechanism for 
causing movement of the disc cartridge between a pull-out position in which the 
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disc cartridge is pulled out to outside a main body unit of the apparatus and a 
housed position in which the disc cartridge is housed within the main body unit of 
the apparatus, and a shutter opening/closing mechanism for opening/closing the 
shutter by rotating the inner rotor of the disc cartridge moved by the loading 
mechanism between the pull-out position and the housed position to effect opening/ 
closure of the shutter. The shutter opening/closing mechanism includes a base 
relatively movable along one lateral surface of the housing, a first engagement 
member provided to one end of the base for engaging with a first mating 
engagement section provided to the outer rim of the inner rotor facing outwards 
from a lateral side of the housing when the shutter is closed, a second engagement 
member provided to the other end of the base for engaging with a second mating 
engagement section provided to the outer rim of the inner rotor facing outwards 
from the lateral side of the housing when the shutter is opened, and a rack member 
mounted between the first engagement member and the second engagement 
member of the base for meshing with a gear provided in a preset area of the outer 
rim between the first mating engagement section and the second mating 
engagement section of the inner rotor. The first engagement member and the 
second engagement member are mounted to the base so that the distal ends thereof 
are movable in a direction perpendicular to the direction along the lateral surface of 
the housing and pivotable along the lateral surface of the housing. 

In the disc driving apparatus, according to the present invention, the distal 
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ends of the first engagement member and the second engagement member, 
provided to the base, are pivotable in a direction along a lateral surface of the 
housing, in addition to being movable in a direction perpendicular to the lateral 
surface of the housing. Thus, the state of engagement of the first engagement 
member and the second engagement member, provided to the base, with the first 
mating engagement section and the second mating engagement section of the inner 
rotor, facing outwards from one lateral surface of the housing, when the base 
performs relative movement along the lateral surface of the housing, may be 
maintained for prolonged time. In addition, the load applied to the distal ends 
during engagement and disengagement may be reduced. 

According to the present invention, described above, the distal ends of the 
first engagement member and the second engagement member, provided to the base, 
are pivotable in a direction along a lateral surface of the housing, in addition to 
being movable in a direction perpendicular to the lateral surface of the housing. 
Thus, the state of engagement of the first engagement member and the second 
engagement member, provided to the base, with the first mating engagement 
section and the second mating engagement section of the inner rotor, facing 
outwards from one lateral surface of the housing, when the base performs relative 
movement along the lateral surface of the housing, may be maintained for 
prolonged time,. In addition, the load applied to the distal ends during engagement 
and disengagement may be reduced, so that highly reliable shutter opening/closing 
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operations may be achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l is a perspective view showing the structure of a disc driving apparatus 
embodying the present invention. 

Fig.2 is a perspective view showing the state in which a tray of the disc 
driving apparatus has been pulled out. 

Fig. 3 is a plan view of a base unit forming the disc driving apparatus. 

Fig.4 is a side view of the base unit forming the disc driving apparatus. 

Fig. 5 is a front view of the base unit forming the disc driving apparatus. 

Fig. 6 is a perspective view of the base unit forming the disc driving 
apparatus. 

Fig. 7 is an exploded perspective view showing the mounting state of paired 
chuck sliders of the disc driving apparatus. 

Fig. 8 is a plan view showing the state in which a cartridge for BD is loaded 
on a base unit of the disc driving apparatus. 

Fig. 9 is a side view showing the state in which the cartridge for BD is 
loaded on the base unit of the disc driving apparatus. 

Fig. 10 is a perspective view showing the state in which the cartridge for BD 
is loaded on the base unit of the disc driving apparatus. 

Fig.l 1 is a plan view showing the state in which a bare disc is loaded on the 
base unit of the disc driving apparatus. 
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Fig. 12 is a side view showing the state in which a bare disc is loaded on the 
base unit of the disc driving apparatus. 

Fig. 13 is a perspective view showing the state in which a bare disc is loaded 
on the base unit of the disc driving apparatus. 

Fig. 14 is a perspective view showing the appearance of a shutter 
opening/closing mechanism embodying the present invention. 

Fig. 15 is an exploded perspective view showing the structure of the shutter 
opening/closing mechanism. 

Fig. 16 is an exploded plan view showing the structure of the shutter 
opening/closing mechanism. 

Figs.l7A 5 17B and 17C are a front view, a bottom plan view and a back 
side view of the structure of the shutter opening/closing mechanism. 

Fig. 18 is a perspective view showing the state in which the tray has been 
pulled outwards. 

Fig. 19 is a perspective view showing the state in which the tray has been 
pulled inwards 

Fig. 20 is a schematic perspective view showing the position of the shutter 
opening/closing mechanism when the tray has been pulled outwards. 

Fig.21 is a schematic perspective view showing the state in which the 
shutter opening/closing mechanism has intruded downwards. 

Fig. 22 is a schematic perspective view showing the position of the shutter 

8 



opening/closing mechanism when the tray has been pulled inwards. 

Fig.23 is a schematic perspective view showing the back side of the tray 
when the shutter opening/closing mechanism has been moved forwards. 

Fig. 24 is a schematic plan view showing the forward movement of the 
shutter opening/closing mechanism by a lug, looking from the reverse side of the 
tray. 

Fig.25 is a schematic perspective view showing the back side of the tray 
when the shutter opening/closing mechanism has been moved backwards. 

Fig.26 is a schematic plan view showing the backward movement of the 
shutter opening/closing mechanism by a cam, looking from the back side of the 
tray. 

Fig.27 is an exploded perspective view showing the shutter structure of the 
cartridge for a BD. 

Fig.28, illustrating the shutter opening/closing operation by the shutter 
opening/closing mechanism, is a plan view showing the state in which an inner 
rotor has been unlocked. 

Fig. 29, illustrating the shutter opening/closing operation by the shutter 
opening/closing mechanism, is a plan view showing the state in which a first 
engagement member has become engaged with a first mating engagement section 
of the inner rotor. 

Fig. 30, illustrating the shutter opening/closing operation by the shutter 
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opening/closing mechanism, is a plan view showing the state in which the inner 
rotor is rotated by the engagement of the first mating engagement section with the 
first engagement member. 

Fig.31, illustrating the shutter opening/closing operation by the shutter 
opening/closing mechanism, is a plan view showing the state in which the first 
engagement member has been detached from the first mating engagement section 
of the inner rotor. 

Fig.32, illustrating the shutter opening/closing operation by the shutter 
opening/closing mechanism, is a plan view showing the state in which the inner 
rotor is rotated by the meshing of a segment gear with a rack member. 

Fig.33, illustrating the shutter opening/closing operation by the shutter 
opening/closing mechanism, is a plan view showing the state in which a second 
engagement member has become engaged with a second mating engagement 
section of the inner rotor. 

Fig. 34, illustrating the shutter opening/closing operation by the shutter 
opening/closing mechanism, is a plan view showing the state in which the inner 
rotor is rotated by the engagement of the second mating engagement section with 
the second engagement member. 

Fig.35, illustrating the shutter opening/closing operation by the shutter 
opening/closing mechanism, is a plan view showing the state in which the shutter 
member has completely opened an aperture of the inner rotor. 
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Fig.36, illustrating the shutter opening/closing operation by the shutter 
opening/closing mechanism, is a plan view showing the state in which opened 
aperture of the inner rotor is in register with an aperture in a lower shell. 

Fig.37, illustrating the shutter opening/closing operation by the shutter 
opening/closing mechanism, is a plan view showing the state in which the second 
engagement member has been detached from the second mating engagement 
section of the inner rotor. 

Fig.38 is a schematic cross-sectional view showing the shutter 
opening/closing mechanism in the state shown in Fig.36. 

Fig.39 is a schematic cross-sectional view showing the state in which the 
shutter opening/closing mechanism has been moved backwards. 

Fig.40 is a schematic cross-sectional view showing the state in which the 
cartridge has been floated from the tray. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to the drawings, a shutter opening/closing mechanism and a disc 
driving apparatus, embodying the present invention, are now explained in detail. 

The disc driving apparatus, shown in Figs.l and 2, is a recording and/or 
reproducing apparatus capable of using two of plural sorts of the disc-shaped 
recording mediums of reciprocally incompatible formats, such as DVD, CD or BD. 

This disc driving apparatus 1 includes a flat parallelepipedically-shaped 
outer casing 10. Meanwhile, the upper part of the outer casing 10 of the disc 
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driving apparatus 1, shown in Figs.l and 2, is shown opened. A front panel 11, 
closing the front side opening of the outer casing 10, includes a horizontally 
elongated aperture 12, through which a tray 13 is mounted in the outer casing 10 so 
that the tray may be pulled outwards. 

The tray 13 includes a holder 14 at a mid portion thereof for holding a disc 
cartridge or a bare disc. The tray 13 is also formed with an opening 15 for 
extending in the longitudinal direction as traversing the holder 14. A U-shaped 
incision 16 is formed in conjunction to a recessed side of the opening 15, whilst a 
semicircular incision 17 is formed in conjunction to the near side of the opening 15. 

On a lateral side of the recessed part of the tray 13, there are mounted a 
driving unit 18 making up the loading mechanism and a motor 19 for driving the 
driving unit 18. The tray 13 is slidably carried by a pair of steps 20 formed on both 
inner lateral sides of the outer casing 10, while a pinion forming an output end of 
the driving unit 18 meshes with a lower rack 21 of the step 20. In this manner, the 
tray 13 is movable between a pullout position in which the tray is pulled out to 
outside the main body unit of the apparatus via the horizontally elongated aperture 
12 and a housed position in which the tray is housed within the main body unit of 
the apparatus. 

On the top of the bottom plate of the outer casing 10 is mounted a base unit 
25, as shown in Figs. 3 to 6. This base unit 25 is formed by a chassis formed by a 
metal plate or resin and a turntable 27 forming a rotation driving unit is provided 
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via a bracket 26. This turntable 27 is run in rotation by being mounted to an output 
shaft of a driving motor provided therebelow. 

The base unit 25 is provided with an optical pickup for DVD/CD 31 and an 
optical pickup for BD 32, on the near side and on the recessed side with respect to 
the turntable 27 , respectively. 

Of these, the optical pickup for DVD/CD 31 has its both lateral sides 
supported by a guide rod 33 and a feed screw 34, and is displaced along the radius 
of the optical disc by the feed screw 34 being rotationally driven by a stepping 
motor 35. 

The optical pickup for BD 32 is carried for sliding movement along the 
radius of the optical disc by a pair of guide rods 37, 38. The base unit 25 is 
provided with a feed screw 39 and a stepping motor 40 for rotationally driving the 
feed screw 39. When the feed screw 39 is rotationally driven by the stepping motor 
40, the optical pickup 32 for BD is displaced along the radius of the optical disc in 
unison with a nut 41 threaded to the feed screw 39. 

Thus, in the disc driving apparatus 1, the turntable 27 is used in common, 
and the optical pickup for DVD/CD 31 and the optical pickup for BD 32 are 
arranged on the near side and on the recessed side with respect to this turntable 27. 
These two optical pickups 31, 32 are movable radially of the optical disc in 180 Q 
circumferentially offset positions on both sides of the turntable 27. In particular, the 
optical pickup for BD 32, as an optical pickup for a high density recording format 
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vulnerable against dust apt to be intruded into the apparatus, is arranged on the 
recessed side on the base unit 25 as a countermeasure against dust. 

The guide rods 37, 38 for movement of the optical pickup for BD 32 are 
provided so that the optical pickup for BD 32 will not impinge against a bare disc 
52 composed of a DVD/CD but will be moved to the opposite plane side of the 
turntable 27, in case the bare disc 52 is used. These guide rods 37, 38, which are 
components needed for the optical pickup for BD 32 to access a cartridge for BD 
51 to cause radial movement of the optical pickup for BD 32 with respect to the 
optical disc in the cartridge, are only slightly elongated to serve as a retreating 
mechanism for the optical pickup for BD 32. 

On the other hand, the guide rod 33 and the feed screw 34 are elongated so 
that the optical pickup for DVD/CD 31 will not impinge against the cartridge for 
BD 51 but will be moved to the opposite outer rim side of the turntable 27, in case 
of using the cartridge for BD 5 1 . The guide rod 33 and the feed screw 34, which are 
components needed for the optical pickup for DVD/CD 31 to access the bare disc 
52, are only slightly elongated to enable a receding movement of the optical pickup 
for DVD/CD 31. 

Meanwhile, the optical pickups 31, 32 may be adjusted for tilt and 
positioning independently of each other. At least one of the main shafts or the 
sub-shafts of the guide rods 33, 37, 38, adapted for slidably supporting the two 
optical pickups 31, 32 may be used in common to reduce the number of the 
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component parts. 

In the present embodiment, the optical pickups 31, 32 are arranged on the 
near side and on the recessed side of the base unit 25 in a diametrically opposite 
relationship, that is, at the positions 180 Q offset relative to the circumferential 
direction of the turntable 27. However, the optical pickups 31, 32 do not necessarily 
have to be disposed in the 180 Q offset positions. That is, the optical pickups 31, 
32 may be arranged for movement in 90 9 offset positions or at an optional angle, 
e.g. 60 Q of intersection of the movement directions. That is, the direction of the 
movements of the optical pickups 31, 32 may be optionally selected in relation to 
the arrangement of the outer casing 10 or the other component parts in the base unit 
25. 

A pair of support rods 45 and another pair of support rods 46 are mounted 
upright on both forwards sides and on both rearward sides of the base unit 25, 
respectively. When the base unit 25 is uplifted by a lift mechanism, the support 
rods 45, 46 are protruded from openings 47, 48 formed in the tray 13, in order to 
support the cartridge for BD 51, retained by the holder 14 of the tray 13, at the four 
corners from the underside of the cartridge for BD 51. 

The disc driving apparatus 1 is provided with a pair of chuck sliders 56 on 
the bottom plate of the outer casing 10, as shown in Fig. 7. These two chuck 
sliders 56 are located inwardly of both side plates of the outer casing 10 and 
interconnected by a coupling plate 57. The coupling plate 57 is formed with 
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elongated openings 58. The chuck sliders 56 are slidable in the fore-and-aft 
direction by set screws, not shown, tightened on the bottom plate of the outer 
casing 10, passing through the elongated openings 58 formed in the coupling plate 
57. 

The chuck sliders 56 are each formed with a pair of cam grooves 59 
adapted for accommodating pins 60 provided to the lateral sides of the base unit 25. 
The distal ends of the pins 60 are engaged in vertical grooves 61 formed in the 
inner surface of the outer casing 10. Thus, when the two chuck sliders 56 are slid in 
the fore-and-aft direction, the base unit 25 performs an up-and down movement. 

On the inner side of one of the chuck sliders 56 is formed a rack 21 forming 
the loading mechanism described above. This rack 21 meshes with a pinion 
forming an output end of the driving unit 18 of the tray 13. This enables the tray 13 
to be movable between a pull-put position in which the tray is pulled out from the 
main body unit of the apparatus and a housed position in which the tray is housed 
within the main body unit of the apparatus, as the tray is slid by the driving 
operation of the motor 19. 

In the above-described disc driving apparatus 1, the cartridge for BD 51 is 
loaded within the main body unit of the apparatus, by the cartridge for BD 51 being 
set on the holder 14 of the tray 13 and by the tray 13 being pulled into the outer 
casing 10 by the operation of the loading mechanism, as shown in Figs. 8 to 10. 

The cartridge for BD 51 is carried at this time by the paired support rods 45, 
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46 on the base unit 25. As the base unit 25 is uplifted, the rods 45 and the arms 46 
are caused to face the holder 14 of the tray 13 through the openings 47, 48 formed 
in the tray 13, for correctly positioning the cartridge for BD 51. The optical pickup 
for DVD/CD 31 is retreated in the forward portion of the tray 13, located on the 
outer rim side of the cartridge for BD 51, by the stepping motor 35 and the feed 
screw 34. Additionally, with the cartridge for BD 51, an aperture 91 has been 
opened by shutter members 100 of a shutter opening/closing mechanism 65 
which will be explained subsequently. 

In this state, the disc housed in the cartridge for BD 51 is rotationally driven 
by the turntable 27 to record and/or reproduce the information on or from the disc 
as the optical pickup for BD 32 is moved radially of the disc. 

When the bare disc 52 is set on the holder 14 of the tray 13, and the tray 13 
is pulled into the inside of the outer casing 10 by the loading mechanism, the bare 
disc 52 is loaded in the inside of the main body unit of the apparatus, as shown in 
Figs. 11 to 13. 

The optical pickup for BD 3 is retreated at this time to a rear side of the tray 
13, on the outer side of the outer rim of the cartridge for BD 51, by the stepping 
motor 40 and the feed screw 39. 

In this state, the bare disc 52 is run in rotation by the turntable 27, and the 
optical pickup for DVD/CD 31 is moved radially of the bare disc 52, to record 
and/or reproduce the information on or from the disc. 
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Meanwhile, the disc driving apparatus 1 is provided with the shutter 
opening/closing mechanism 65 for opening/closing a shutter provided to the 
cartridge for BD 51, as shown in Fig .7. 

This shutter opening/closing mechanism 65 includes an opening/closure 
base 66, and a pair of holders 67 are provided to the longitudinal ends of the 
opening/closure base 66, as shown in Figs. 14 to 16. Each of the holders 67 holds 
a spring 68 for biasing the opening/closure base 66 in a direction away from the 
associated chuck slider 56. One end of the opening/closure base 66 is provided 
with a boss 69 for retreating the shutter opening/closing mechanism 65. 

A rack member 70 is mounted to a longitudinal mid portion of the 
opening/closure base 66. A pair of engagement pawls 71 are provided to the 
longitudinal ends of the rack member 70. The opening/closure base 66 includes a 
holding hole 72 for holding the rack member 70 and a pair of engagement openings 
73 on both ends of the holding hole 72. The rack member 70 is held in the holding 
hole 72 by the paired engagement pawls 71 engaging in the paired engagement 
openings 73. A pair of coil springs 74, operating as biasing means, are arranged 
between the rack member 70 and the holding hole 72. Thus, the rack member 70 is 
biased by the paired coil springs 74 in a direction protruding from the holding hole 
72, and may be pushed into the holding hole 72, as shown in Fig. 17. 

A first engagement member 75 is mounted to the longitudinal forward side 
of the opening/closure base 66, as shown in Figs. 14 to 16. This first engagement 
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member 75 is of a pivot-like shape, with an angled distal end, and includes a 
cut-out 75a at a mid portion of the distal side and a pair of engagement lugs 75b at 
both ends of the distal side. The opening/closure base 66 is formed with a holding 
opening 76 for holding the first engagement member 75. A first torsion coil 
spring 77 for biasing the first engagement member 75 in a direction protruding 
from the holding opening 76 is arranged on the longitudinal forward side of the 
opening/closure base 66. 

The first torsion coil spring 77 has a coiled part of a wire retained by a 
holder 78 provided to the opening/closure base 66, while having one of both ends 
of the coiled part of the wire retained by the opening/closure base 66 and having 
the other end engaged with the cut-out 75 a of the first engagement member 75. 

Thus, the first engagement member 75 is mounted to the opening/closure 
base 66, in such a state that, as a distal end 75c thereof is protruded from the 
holding opening 76, the paired engagement lugs 75b are engaged in the holding 
opening 76, and the proximal end thereof is carried in a biased state by the other 
end of the first torsion coil spring 77, so that the distal end 75c is movable in a 
direction at right angles to the direction along the lateral surface of a housing and 
also pivotally moved in the direction along the lateral surface of the housing, as 
later explained, as shown in Fig. 17. That is, this first engagement member 75 is 
biased by the first torsion coil spring 77 in a direction protruding from the holding 
opening 76 and may be pushed into the inside of the holding opening 76 against 
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this bias force. Moreover, the distal end 75c of the first engagement member 75 
may be pivotally moved along the longitudinal direction of the opening/closure 
base 66. The distal end 75c of the first engagement member 75 is inclined to 
provide for facilitated disengagement of the inner rotor 10 from a mating 
engagement section 110 when the cartridge for BD 51 is pulled out from the main 
body unit of the apparatus, as will be explained subsequently. 

On the rear end of the opening/closure base 66 is mounted a second 
engagement member 79, as shown in Figs. 14 to 16. This second engagement 
member 79 is of a pivot4ike shape, with an angled distal end, and includes a 
cut-out 79a at a mid portion of the distal side and a pair of engagement lugs 79b at 
both ends of the distal side. The opening/closure base 66 is formed with a holding 
opening 80 for holding the second engagement member 79. A second torsion coil 
spring 8 1 for biasing the second engagement member 79 in a direction protruding 
from the holding opening 80 is arranged on the longitudinal rearward side of the 
opening/closure base 66. 

The second torsion coil spring 81 has a coiled part of a wire retained by a 
holder 82 provided to the opening/closure base 66, while having one of both ends 
of the coiled part of the wire retained by the opening/closure base 66 and having 
the other end engaged with a cut-out 79a of the second engagement member 79. 

Thus, the second engagement member 79 is mounted to the opening/closure 
base 66, in such a state that, as a distal end 79c thereof is protruded from the 
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holding opening 80, the paired engagement lugs 79b are engaged in the holding 
opening 80, and the proximal end thereof is carried in a biased state by the other 
end of the second torsion coil spring 81, so that the distal end 79c is movable in a 
direction at right angles to the direction along the lateral surface of a housing of the 
cartridge for BD 51, and also pivotally movable in the direction along the lateral 
surface of the housing, as later explained, as shown in Fig. 17. That is, this second 
engagement member 79 is biased by the second torsion coil spring 81 in a direction 
protruding from the holding opening 80 and may be pushed into the inside of the 
holding opening 80 against this bias force. Moreover, the distal end 79c of the 
second engagement member 79 may be pivotally moved along the longitudinal 
direction of the opening/closure base 66. The paired engagement lugs 79b are 
inclined in keeping with the inclination of the distal end 79c of the second 
engagement member 79 in order to gain the stroke in the holding opening 80 when 
the distal end 79c of the second engagement member 79 has performed a 
fore-and-aft movement. The distal end 79c of the second engagement member 79 is 
inclined to provide for facilitated disengagement of the inner rotor 10 from a 
second mating engagement section 108. Moreover, the distal end 79c of the 
second engagement member 79 is chamfered to prevent the distal end from being 
irretrievably caught by the peripheral wall of the holding opening 80 when the 
distal end 79c is pushed into the holding opening 80 of the opening/closure base 66. 
The opening/closure base 66 of the shutter opening/closing mechanism 65 
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is mounted to the upper end of one of the paired chuck sliders 56, as shown in 
Fig.7. 

When the tray 13 is moved from the pull-out position, shown in Fig. 18, to 
the housed position, shown in Fig. 19, where the tray 13 is pulled into the inside of 
the outer casing 10, the shutter opening/closing mechanism is intruded from the 
rearward side to the underside of the tray 13, in conjunction with the loading of the 
tray 13, as shown in Figs.20 to 22, so that the rack member 70, first engagement 
member 75 and the second engagement member 79, mounted to the 
opening/closure base 66, face the inside of the holder 14 via a slit 64 formed in the 
tray 13. 

At this time, the opening/closure base 66 performs relative movement along 
the one lateral surface of the housing of the cartridge for BD 51, retained by the 
holder 14 of the tray 13. Thus, the rack member 70, first engagement member 75 
and the second engagement member 79, mounted to the opening/closure base 66, 
may be in sliding contact with the outer rim of the inner rotor 101 facing outwards 
via one lateral surface of the housing of the cartridge for BD 51, which will be 
explained subsequently. 

The lower side of the tray 13 includes a cam 85 and a lug 86 for facing the 
shutter opening/closing mechanism 65, performing a sliding movement, as shown 
in Figs.23 to 26. The cam 85 operates for causing movement of the shutter 
opening/closing mechanism 65 in a direction away from the cartridge 51, while the 
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lug 86 operates for thrusting the shutter opening/closing mechanism 65 in a 
direction approaching to the cartridge 5 1 . 

Thus, when the shutter of the cartridge for BD 51 is to be opened by the 
shutter opening/closing mechanism 65, the lug 86 thrusts the opening/closure base 
66 of the shutter opening/closing mechanism 65 for protruding into the inside of the 
holder 14 of the tray 13 from the back side via slit 64, as shown in Figs.23 and 24. 
When the operation of opening the shutter of the cartridge for BD 51 by the shutter 
opening/closing mechanism 65 has come to a close, the cam 65 causes the shutter 
opening/closing mechanism 65 to be retreated to clear the holder 14 of the tray 13 
via slit 64, as shown in Figs.25 and 26. The lug 86 is received at this time in a 
recess 87 formed in the opening/closure base 66. 

The shutter structure of the cartridge for BD 51, opened and closed by the 
above-described shutter opening/closing mechanism 65, is hereinafter explained. 

Referring to Fig.27, the cartridge for BD 51 comprises a housing, made up 
by an upper shell and a lower shell, combined together. Within the housing are 
housed an optical disc, as a disc-shaped recording medium, the inner rotor, as an 
intermediate shell, and a pair of shutter members 100. 

Meanwhile, Fig.27 shows the structure of a portion of the cartridge 51 
lower than the housing section for the disc-shaped recording medium. A lower shell 
90, forming the lower surface of the housing, is formed with an aperture 91 which 
allows for accessing to the turntable 27 and the optical pickup for BD 32. 
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A pin 92 is set upright at one corner towards the aperture 91 of the lower 
shell 90. This pin 92 rotationally supports a lock lever 93. The lock lever 93, used 
for locking the inner rotor 101, has a lock part 94 and an elastic piece 95 at one end, 
while having a thrust portion 96 at its opposite end. A pair of opening/closure pins 
97 are formed upright on the inner surface of the lower shell 90. 

A pair of shutter members 100 are arranged on the lower shell 90. These 
shutter members 100 are rotatably mounted via pivot pins 102 on the lower surface 
of the inner rotor 101. A slit 103 is formed in each of the paired shutter members 
100. These slits 103 are engaged by the opening/closure pins 97 of the lower shell 
97 to effect the opening/closure movement interlocked with the rotation of the inner 
rotor 101. 

The inner rotor 101 is formed with an aperture 106 approximately in 
register with the aperture 91 of the lower shell 90. On the outer rim of the inner 
rotor 101, there are formed a second mating engagement section 108, a segment 
gear 109, circumferentially slightly offset from the second mating engagement 
section 108, and a first mating engagement section 110, offset a preset angle with 
respect to the segment gear 109. The first mating engagement section 110, segment 
gear 109 and the second mating engagement section 108 are engaged by the first 
engagement member 75, rack member 70 and by the second engagement member 
79. 

The shutter opening operation of the cartridge for BD 51 by the shutter 
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opening/closing mechanism 65 when the cartridge for BD 51 is loaded and moved 
to the recording and/or reproducing position is hereinafter explained. 

In this disc driving apparatus 1, when the tray 13, carrying the cartridge 51 
thereon, is pulled into the outer casing 10, the distal end of the opening/closure 
base 66 thrusts the thrust part 96 of the lock lever 93, this lock lever being then 
rotated clockwise in the drawing, about the pin 92 as the center of rotation, for 
disengaging the lock part 94 from the second mating engagement section 108 of the 
inner rotor 101, as shown in Fig. 28. This releases the locked state by the lock lever 
93 of the inner rotor 101. On the other hand, the lug 86 thrusts the opening/closure 
base 66 of the shutter opening/closing mechanism 65 from the back side via slit 64 
for protruding into the inside of the holder 14, as shown in Figs.23 and 24. 

If, in this state, the tray 13 is intruded further, the first engagement member 
75 is intruded into a groove formed in one lateral side of the cartridge 51, in 
conjunction with the relative movement of the opening/closure base 66, into 
engagement with the first mating engagement section 110 of the inner rotor 101, 
facing outwards via one lateral side of the cartridge 51, as shown in Fig.29. 

If the inner rotor 101 is rotated further clockwise from this state in the 
drawing, by engagement between the first mating engagement section 110 and the 
first engagement member 75, the rack member 70 meshes with the segment gear 
109 of the inner rotor 101, as shown in Fig.30. The shutter members 100 
commence to open the aperture 106 of the inner rotor 101, as the shutter members 
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are rotated about the pivot pins 102 as the center of rotation. 

When the inner rotor 101 is rotated clockwise in the drawing from this state 
relative to the lower shell 90, by the meshing of the segment gear 109 with the rack 
member 70, the first engagement member 75 is disengaged from the first mating 
engagement section 110 of the inner rotor 101, as shown in Fig.31. 

When the inner rotor 101 is rotated further clockwise in the drawing, by the 
meshing of the segment gear 109 with the rack member 70, the shutter member 100 
opens the aperture 106 of the inner rotor 101 to a marked extent, as the shutter 
member 100 is rotated elative to the inner rotor 101 about the pivot pin 102 as the 
center of rotation, as shown in Fig. 32. 

When the inner rotor 101 is rotated approximately 40 Q clockwise from the 
closure position shown in Fig. 28, the second engagement member 79 is engaged 
with the second mating engagement section 108 of the inner rotor 101, as shown in 
Fig.33. 

If the inner rotor 101 is rotated further clockwise in the drawing, relative to 
the lower shell 90, by the meshing of the segment gear 109 with the rack member 
70, the inner rotor 101 is rotated clockwise in the drawing, by the engagement of 
the second mating engagement section 108 with the second engagement member 79, 
as shown in Fig.34. 

If the inner rotor 101 is rotated clockwise approximately 50 Q in the drawing 
from the closure position shown in Fig.28, the shutter members 100 completely 
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opens the aperture 106 of the inner rotor 101, as shown in Fig. 35. 

When the inner rotor 101 is rotated further clockwise in the drawing, 
relative to the lower shell 90, by the meshing of the second mating engagement 
section 108 with the second engagement member 79, the aperture 106 of the 
opened inner rotor 101 is substantially in register with the aperture 91 of the lower 
shell 90, as shown in Fig.36. At this time, the inner rotor 101 is locked in the 
opened state, by the lock part 94 of the lock lever 93 engaging with the terminal 
end of a projection 111 of the inner rotor 101. 

When the tray 13 is intruded further from this state, as shown in Fig.37, the 
second engagement member 79 is disengaged from the second mating engagement 
section 108, in conjunction with relative movement of the opening/closure base 66, 
as shown in Fig.37. 

Concretely, the state shown in Fig. 3 8 is such a one in which the aperture 
91 of the cartridge 51 shown in Fig.36 is opened completely. When the tray 13 is 
further intruded from this state, as shown in Fig.39, the cam 85 provided on the 
back side of the tray 13 thrusts back the boss 69 of the opening/closure base 66 to 
cause the opening/closure base 66 to be retreated to clear the holder 14 of the tray 
13 via slit 64. This separates the opening/closure base 66 away from the cartridge 
51 so that the second engagement member 79 is disengaged from the second 
mating engagement section 108 of the inner rotor 101 . 

However, the second engagement member 79 is located in cut-outs 1 1 8 of 
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the upper and lower shells 117, 90, that is, within a projection area of the cartridge 
51. 

If, in this state, the chuck sliders 56 are pushed out in a direction reversed 
from the pull-in direction, the base unit 25 is uplifted by the cam grooves 59 of the 
chuck sliders 56, as shown in Fig.40. The cartridge 51 is floated upwards from the 
holder 14 of the tray 13 and supported to a high accuracy by the support rods 45 
and the support arms 46. 

The second engagement member 79 is moved downwards in the cut-outs 
1 1 8 of the cartridge 5 1 . However, the second engagement member 79 is above the 
lower surfaces of the cut-outs 118, so that there is a gap therebetween. Thus, with 
the present shutter opening/closing mechanism 65, it is possible to reduce the 
retreating stroke with respect to the cartridge 5 1 . 

The closure operation of the shutter of the cartridge for BD 51 by the 
above-described shutter opening/closing mechanism 65 when the cartridge for BD 
5 1 is ejected and moved to the take-out position is hereinafter explained. 

The shutter closure movement by the shutter opening/closing mechanism 
65 is carried out in a sequence reversed from the above-described shutter opening 
movement, that is, in a sequence shown in Figs. 37 to 28. 

That is, with the present disc driving apparatus 1, when the tray 13, 
carrying the cartridge 51, is pulled out from the outer casing 10, from the state in 
which the shutter members 100 of the cartridge 51 has been completely opened, a 
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thrusting boss 125, provided to the rear end of the opening/closure base 66, thrusts 
the thrust part 96 of the lock lever 93, thereby causing clockwise rotation of the 
lock lever 93 about the pin 92 as the center of rotation, and disengaging the lock 
part 94 from the terminal end of the projection 111 of the inner rotor 101, as shown 
in Fig.36. This releases the lock of the inner rotor 101 by the lock lever 101. On the 
other hand, the second engagement member 79 is engaged with the second mating 
engagement section 108 of the inner rotor 101. 

When the tray 13 is pulled out from this state to outside the outer casing 10, 
the inner rotor 101 is rotated counterclockwise in the drawing, in conjunction with 
the relative movement of the opening/closure base 66, by engagement of the second 
mating engagement section 108 with the second engagement member 79, as shown 
inFig.35. 

If then the inner rotor 101 is rotated from this state counterclockwise in the 
drawing, by engagement of the second mating engagement section 108 and the 
second engagement member 79, the rack member 70 meshes with the segment gear 
109 of the inner rotor 101, as shown in Fig.34. The shutter members 100 start to 
close the aperture 106 of the inner rotor 101, as the shutter members are rotated 
relative to the inner rotor 101 about the pivot pins 102 as the center of rotation. 

If the inner rotor 101 is rotated counterclockwise, relative to the lower shell 
90, by meshing of the rack member 70 with the segment gear 109, the second 
engagement member 79 is disengaged from the second mating engagement section 
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108 of the inner rotor 101, as shown in Fig.33. 

If then the inner rotor 101 is further rotated counterclockwise in the 
drawing, relative to the lower shell 90, by the by meshing of the rack member 70 
with the segment gear 109, the shutter members 100 substantially close the aperture 
106 of the inner rotor 101, as the shutter members 100 are rotated relative to the 
inner rotor 101 about the pivot pins 102 as the center of rotation, as shown in 
Fig.32and31. 

When the inner rotor 101 is rotated approximately 40 Q clockwise in the 
drawing, from the opened position shown in Fig.37, the first engagement member 
75 is engaged with the first mating engagement section 110 of the inner rotor 101, 
as shown in Fig. 30. 

When the inner rotor 101 is rotated from this state approximately 50 9 
counterclockwise in the drawing, from the open position shown in Fig.37, by 
engagement of the first mating engagement section 110 with the first engagement 
member 75, as shown in Fig.29, the shutter members 100 completely close the 
aperture 106 of the inner rotor 101. 

If the inner rotor 101 is further rotated from this state counterclockwise in 
the drawing, relative to the lower shell 90, by engagement of the first mating 
engagement section 110 with the first engagement member 75, as shown in Fig.28, 
the inner rotor 101 is locked in the closed state, by the lock part 94 of the lock lever 
93 engaging with the second mating engagement section 108 of the inner rotor 101. 
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If the loading has been carried out not in a state in which the shutter 
members 100 of the cartridge 51 have not completely closed the aperture 106 of the 
inner rotor 101, as shown in Figs. 28 and 29, but in a state in which the aperture 106 
of the inner rotor 101 is partially opened, as shown in Figs.30 and 32, the opening 
operation is carried out without the function of the first engagement member 75 on 
the forward side of the shutter opening/closing mechanism 65 being fully displayed. 
That is, the rack member 70 is directly engaged with the segment gear 109 of the 
inner rotor 101 for causing clockwise rotation of the inner rotor 101, with the first 
engagement member 75 not necessarily engaging with the first mating engagement 
section 110 of the inner rotor 101. Thus, in this case, the opening operation of the 
shutter members 100 occurs more quickly than in the case of the loading operation 
from the state of complete closure of the shutter members 100. From this state, the 
opening/closure base 66 is moved relative to the lateral surface of the cartridge 5 1 
and, after the rack member 70 is detached from the segment gear 109, the second 
engagement member 79 is slid between the segment gear 109 on the outer rim of 
the inner rotor 101 and the second mating engagement section 108 until ultimately 
the second engagement member is engaged with the second mating engagement 
section 108 of the inner rotor 101, as shown in Fig.34. From this state, the inner 
rotor 101 is rotated clockwise, by the engagement of the second mating 
engagement section 108 and the second engagement member 79, until the aperture 
91 is completely opened by the shutter members 100 shown in Figs. 36 and 37. 
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Thus, in this disc driving apparatus 1, even if the cartridge 51 is set on the 
tray 13 in the partially opened state of the shutter members 100, the fully open state 
of the shutter members 100 may be achieved on the recording and/or reproducing 
apparatus, thus assuring a smooth recording and/or reproducing operation. 

On the other hand, if the ejection has been carried out not in a state in 
which the shutter members 100 of the cartridge 51 have not completely opened the 
aperture 106 of the inner rotor 101, as shown in Fig.37, but in a state in which the 
aperture 106 of the inner rotor 101 is partially closed, as shown in Figs. 34 and 35, 
the closure operation is carried out without the function of the first engagement 
member 75 on the forward side of the shutter opening/closing mechanism 65 being 
fully displayed. That is, the rack member 70 is directly engaged with the segment 
gear 109 of the inner rotor 101 for causing counterclockwise rotation of the inner 
rotor 101, with the second engagement member 79 not necessarily engaging with 
the first mating engagement section 110 of the inner rotor 101. Thus, in this case, 
the closure operation of the shutter members 100 occur more quickly than in the 
case of the ejecting operation from the state of complete opening of the shutter 
members 100. From this state, the opening/closure base 66 is moved relative to the 
lateral surface of the cartridge 51 and, after the rack member 70 is detached from 
the segment gear 109, the first engagement member 75 is slid between the segment 
gear 109 on the outer rim of the inner rotor 101 and the first mating engagement 
section 110 until ultimately the first engagement member is engaged with the first 
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mating engagement section 110 of the inner rotor 101, as shown in Fig.30. From 
this state, the inner rotor 101 is rotated counterclockwise, by the engagement of the 
first mating engagement section 110 and the first engagement member 75, until the 
aperture 91 is completely closed by the shutter members 100 shown in Figs.28 and 
29. 

Thus, in this disc driving apparatus 1, even if the cartridge 51 is set on the 
tray 13 in the partially opened state of the shutter members 100 and ejected, the 
cartridge 51 may be ejected as the shutter members 100 is necessarily fully closed 
at the pull-out position, thus preventing the contamination of the optical disc in the 
cartridge 51. 

In the above-described shutter opening/closing mechanism 65, the first 
engagement member 75 and the second engagement member 79, mounted on the 
opening/closure base 66, are biased by the first torsion coil spring 77 and the 
second torsion coil spring 81 in a direction protruding from the holding openings 
76 and 80, such that the first engagement member 75 and the second engagement 
member 79 may be pushed into the holding openings 76 and 80 against this biasing 
force. Additionally, the distal ends of the first engagement member 75 and the 
second engagement member 79 may be pivotally moved along the longitudinal 
direction of the opening/closure base 66. 

In this case, the first engagement member 75 and the second engagement 
member 79 may be of a height larger than the stroke of thrusting the first 
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engagement member 75 and the second engagement member 79 into the holding 
openings 76, 80. 

Thus, in the present shutter opening/closing mechanism 65, the state of 
engagement of the first engagement member 75 and the second engagement 
member 79 with the first mating engagement section 110 and with the second 
mating engagement section 108 of the inner rotor 101 in the case of the relative 
movement of the opening/closure base 66 along the lateral side of the cartridge 51 
may be maintained for prolonged time. 

Thus, with the above-described disc driving apparatus 1, the first 
engagement member 75, rack member 70 and the second engagement member 79 
may positively be engaged with the first mating engagement section 110, segment 
gear 109 and with the second mating engagement section 108 of the inner rotor 101, 
thus enabling a positive opening/closure movement of the shutter members 100. 
In particular, it is possible to take up size variations in the components, such as the 
tray 13 or the cartridge 51, thus enabling more reliable opening/ closure operations 
of the shutter members 100. it is also possible to improve compatibility for 
cartridges having different shutter structures. 

Moreover, in the shutter opening/closing mechanism 65, the distal ends of 
the first engagement member 75 and the second engagement member 79 perform 
fore-and-aft movements when the first engagement member 75 and the second 
engagement member 79 are engaged with or disengaged from the first mating 
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engagement section 110 and the second mating engagement section 108, thereby 
reducing the load otherwise applied to the distal ends. 

Thus, with the above-described disc driving apparatus 1, the engagement/ 
disengagement of the first engagement member 75 and the second engagement 
member 79 with respect to the first mating engagement section 110 and the second 
mating engagement section 108 may be improved in performance, thus assuring the 
shutter opening/ closure operations with higher reliability. Additionally, with the 
present shutter opening/closing mechanism 65, it is possible to reduce the load 
produced when the first mating engagement section 110 and the second mating 
engagement section 108 are in sliding contact with the outer rim of the inner rotor 
101. 

Moreover, the first engagement member 75 and the second engagement 
member 79 are mounted to the opening/closure base 66 as paired engagement lugs 
75b, 79b are engaged in the holding openings 76, 80, with the distal ends 
protruding from the holding openings 76, 80, and as the proximal ends are carried 
in a biased state by the opposite ends of the first torsion coil spring 77. 

This assures facilitated mounting of the first engagement member 75 and 
the second engagement member 79 to the opening/closure base 66. With the first 
engagement member 75 and the second engagement member 79, the paired 
engagement lugs 75b, 79b of which are not in the form of complicated hooks 
exploiting the elasticity of the molded product, but are in the form of simple 



35 



projections, there is no risk of fracture otherwise caused by creep deformation. 

Moreover, with the shutter opening/closing mechanism 65, the rack 
member 70 and the segment gear 109 of the inner rotor 101 may be engaged deeply 
with each other by thrusting the rack member 70 towards the cartridge 51, by the 
coil springs 68, 74 provided on the opening/closure base 66, without dependency 
on the ideal pitch distance in which the pitch circles of the rack member and the 
segment gear contact each other, thereby preventing the rack member and the 
segment gear from disengaging from each other. 

Additionally, with the shutter opening/closing mechanism 65, in which the 
rack member 70 is biased by a pair of compression coil springs 74 towards a lateral 
surface of the cartridge 51, the rack member 70 may be engaged with the segment 
gear 109 even in case the normal line drawn to the movement direction of the rack 
member 70 is not coincident with the meshing direction of the segment gear 109, 
that is, even in case the end of the rack member 70 is inclined within the cut-out 
118 formed in the cartridge 5 1 . 

The present invention is not limited to the disc driving apparatus 1 
employing disc-shaped recording mediums of reciprocally incompatible formats, 
that is, DVD, CD and BD. That is, the shutter opening/closing mechanism of the 
present invention may be broadly applied to a disc driving apparatus of the type 
employing a disc cartridge in which the disc-shaped recording medium, inner rotor 
and the shutter are provided in the housing and in which the aperture of the housing 
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is opened or closed by the shutter by rotation of the inner rotor. 
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